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(54) Adjustable micro valve and method of setting and actuating it 



(57) A method for setting or actuating a micro valve 
for use in fluidic applications comprising the steps of 
cooling an array of actuating members (1 ) made of SMA 
material, to a temperature equal or below the tempera- 
ture at which a transformation from austenitic to marten- 
sitic state occurs so that the entire array of SMA actu- 
ating members (1) is either fully or partially in the mar- 
tensitic state, then selecting at least one of the actuating 



member (1 ) corresponding to a p re-determined opening 
pressure or flow resistance and heating individually 
each of the actuating members (1 ) except the previously 
selected one to a temperature equal or above to the tem- 
perature at which a transformation from the martensitic 
state to the austensitic state occurs. A micro valve hav- 
ing an array of actuating members (1) made of shape 
memory alloy material is also disclosed. 
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Description 

[0001] The present invention relates to a method of 
setting and/or actuating a multi-stable valve used in flu- 
idic or in micro fluidic applications. Another object of the 5 
invention is an adjustable multi stable valve for use in 
medical devices implanted in a human body. 
[0002] More specifically, the invention relates to a mi- 
cro valve having at least two stable states at operating 
temperature. An opening pressure and a resistance to io 
fluid flow correspond to each state of the valve. The 
valve may be actuated non-invasively, by telemetry for 
example, thanks to an external device, providing an ad- 
justable opening pressure valve or alternatively a valve 
assembly with adjustable resistance to flow. 15 
[0003] The valve object of the present invention has 
a wide range of applications In different fields (medical, 
hydraulics, micro-engineering, ...). For example, in the 
medical field related to the treatment of hydrocephalic 
patients, it is necessary to install a shunt system that 20 
derives the excess of liquid from the brain to the perito- 
nea or to another cavity of the patient. Some existing 
shunt systems comprise an adjustable valve that allows 
the surgeon to modify non-invasively the valve opening 
pressure after implantation. These existing implantable 25 
valves for the treatment of hydrocephalic patients have 
successfully shown that the feature allowing the sur- 
geon to adjust non-invasively the valve opening pres- 
sure after implantation is extremely useful. Neverthe- 
less , there are some drawbacks associated with devices 30 
of this type that can be summarised as follows: 
[0004] These known implants do not provide the user 
with any feedback during or after adjustment of the valve 
opening pressure. Therefore, it might be necessary to 
take an X-ray for checking the valve setting. Further- 35 
more, the valve can be misadjusted by strong magnetic 
fields, such as those generated by a permanent magnet 
found for example in magnetic resonance imaging de- 
vices. 

[0005] Finally the existing valves are sometimes 40 
blocked due to an accumulation of bio-substance on the 
mechanical parts of the valve mechanism. 
[0006] Some other known electromechanical or pneu- 
maticvalves require energy for remaining inoneormore 
working positions and are not suitable for human or an- 45 
imal implantation due to their size and / or their lack of 
tightness. The valve object of the present invention 
overcomes the problems exposed above by providing a 
micro valve having at least two stable states at operating 
temperature. The valve according to the invention does so 
not require energy at rest during normal operation and 
is insensitive to magnetic fields by design. Since the 
valve setting may be adjusted without mechanical 
movement of any parts, the valve is less sensitive to 
blockage due to an accumulation of bio substances. 55 
[0007] The actuation concept is based on tempera- 
ture changes above and below body temperature. En- 
ergy is only required to change the valve from one state 



to the other. Valves for the treatment of hydrocephalic 
patients, as well as valves for all kind of implantable 
pumps constitute major applications of that concept that 
may be extended to other fields. 
[0008] A method for setting and actuating an implant- 
able valve having the steps disclosed in claim 1 as well 
as a micro valve having the characteristics recited in 
claim 4 obviates the above mentioned drawbacks. 
[0009] Further features and other objects and advan- 
tages of this invention will become clear from the follow- 
ing detailed description made with reference to the ac- 
companying drawings illustrating in a schematic and 
non-limiting way three embodiments of a multi stable mi- 
cro valve according to the invention and in which: 

Figure 1 is a graph showing the typical temperature 
hysteresis of shape memory alloy (SMA). 
Figure 2 is a graph showing the typical stress-strain 
characteristics of a shape memory alloy in each of 
its states. 

Figure 3 is a schematic perspective top view of a 
first embodiment of a micro valve according to the 
invention. 

Figure 4 is a bottom perspective view according to 
the first embodiment shown at figure 3. 
Figure 5 is cross sectional view of the first embod- 
iment of the valve shown at figure 3. 
Figure 6 is a perspective top view of a second em- 
bodiment of a micro valve according to the inven- 
tion. 

Figure 7 is perspective bottom view of the second 
embodiment depicted in figure 6. 
Figure 8 is schematic cross sectional view of the 
second embodiment depicted in figure 6. 
Figure 9 is schematic perspective top view of a third 
embodiment of a micro valve according to the in- 
vention. 

Figure 1 0 is a perspective bottom view of the third 
embodiment depicted in figure 9. 
Figure 1 1 is a perspective top view of an implantable 
assembly incorporating a valve according to the in- 
vention, the top cover being exploded. 
Figure 1 2 is a perspective view of the assembly de- 
picted in figure 11 with the bottom cover exploded. 
Figure 13 is a bottom perspective view of the as- 
sembly shown at figures 11 and 12. 
Figure 14 is an exploded perspective view of an im- 
plantable pump embodying a valve according to the 
invention. 

[0010] In the following disclosure, reference will be 
made to shape memory alloys, hereafter called SMA 
material. The properties and characteristics of such ma- 
terials are briefly described in the following. 
[0011] SMA material is characterised by reversible 
metallurgical phase transformations that are activated 
either by temperature change or by induced stress. Be- 
low a range of transition temperature, the material is in 
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the martensitic state, whereas above that temperature 
range, the material is in the austenitic state. The trans- 
formation occurs across a range of temperatures which 
are commonly named A s (start) and Af (finish) for the 
transformation from martensitic to austenitic state and 
M s (start) and M f (finish) for the transformation from 
austenitic to martensitic state as referenced in figure 1 . 
These transformations are reversible so that the mate- 
rial may be treated to assume different shapes in each 
of the two phases, and can reversibly switch between 
the two shapes when transformed from one state to the 
other. More commonly, the material is treated to only re- 
turn to a shape upon transformation to the austenitic 
phase a biasing force, acting against the SMA material 
returns it to its alternate shape upon transformation to 
the martensitic phase. 

[0012] Most of the temperature cycles of the SMA ma- 
terials have a hysteresis AT, as illustrated on the graph 
of figure 1 . 

[0013] The elastic modulus of the SMA material de- 
pends on its metallurgical state. Figure 2 shows atypical 
stress-strain graph of a SMA material in both states. It 
appears clearly that the austenitic state has a higher 
elastic modulus than the martensitic state. Upon initial 
loading, the stress-strain curve is roughly linear and the 
Young's modulus corresponds to the slope of the curve 
in the initial loading region. For materials tested at tem- 
peratures just above the A, temperature, if the material 
is further deformed beyond this initial loading region, it 
will experience a stress-induced martensitic transforma- 
tion. The point on the stress-strain curve at which the 
stress-induced martensitic transformation begins can 
be called the M s °. 

[0014] In the martensitic state, the elastic modulus is 
lower than in the austenitic state, and the corresponding 
M s ° (in this case : the stress required to rearrange the 
pre-existing martensitic phase) is also lower. 
[0015] The invention makes use of the change in me- 
chanical properties (mainly Young's modulus) of an ar- 
ray of actuators in SMA material when a transition be- 
tween the two metallurgical states occurs. 
[001 6] For medical implantable devices, the SMA ma- 
terial is preferably chosen within SMA materials having 
a working temperature corresponding to body tempera- 
ture located between M s and Ag. In that case, the ma- 
terial is stable in both states at rest. Heating the material 
above Af will transform it into austenite (higher modulus 
material). Cooling the material below M f will transform it 
into martensite (lower modulus material). While the ef- 
fect is most pronounced with the temperature of use lo- 
cated between M s and A,., the effect can be observed 
to some extent at a number of temperatures in the 
broader range between M f and A f . 
[0017] For example TiNi (Nitinol) is a good choice for 
the actuating members of a valve according to the in- 
vention as it is biocompatible. Further, TiNi can be man- 
ufactured such that body temperature is located be- 
tween M s and A*.. A TiNi material manufactured to meet 



this criterion might have the following characteristics: 
Martensitic transformation: M ff = 24°C, M s = 36°C, Auste- 
nitic transformation: k*. = 54°C, A f =71°C. with a 
hysteresis : AT ~ 35°C. Note that the transformation 
5 temperatures for a particular material also change with 
stress, so that the temperatures of the starting material 
must be selected to appropriately accommodate the 
variability due to the operating stresses of the particular 
application. 

10 [0018] Fine tuning the temperature cycle and the me- 
chanical properties may be achieved by playing with the 
chemical composition and thermomechanical process- 
ing of the material. 

[0019] As it will be described in detail with reference 
15 to the figures, the micro valve object of the invention 
comprises an array of actuators or actuating members 
made of a SMA material that interact either directly with 
the fluid path or with an elastic mean, the tension of 
which being modified by said array of SMA actuators. 
20 [0020] The SMA material is selected to have two sta- 
ble metallurgical states at the temperature of use, e.g., 
body temperature. The metallurgical state can be 
changed either by cooling or by heating the SMA actu- 
ator. One of the metallurgical states has a higher elastic- 
25 modulus, whereas the other state has a lower elastic 
modulus. 

[0021 ] The heating is obtained by circulating a current 
through or in the proximity of the SMA material (Joule 
effect). The cooling is achieved thanks to a Peltier cell 

30 or an array of Peltier cells integrated in the base plate 
of the valve, in the vicinity of the SMA actuators. 
[0022] With reference to figure 3,4 and 5, a first em- 
bodiment of a micro valve with adjustable opening pres- 
sure is illustrated. 

35 [0023] The fluid path crosses a base plate 2 having 
an array of orifices 3, closed by the free extremity of a 
corresponding array of actuating members 1 . The base 
plate 2 is preferably made of a glass type material like 
Pyrex for example. The geometry of the orifices 3 is 

40 identical across the array, which ensures that the resist- 
ance to fluid is the same for each single orifice 3. The 
array of actuating members 1 comprises, in this embod- 
iment, an elongated body from which extend perpendic- 
ularly elongated actuating members. Some other con- 

45 figurations are of course possible. The actuating mem- 
bers 1 are made of SMA material, preferably TiNi, and 
their geometry is chosen so that each fluid path 3 can 
be considered as closed when the corresponding actu- 
ating member 1 is in the austenitic state and open in the 

50 martensitic state. 

[0024] A Peltier cell 4 is integrated in the base plate 
2, and allows, once energised, the cooling of the array 
of actuating members 1. 

[0025] Each actuating member 1 may be heated indi- 
55 vidually by circulating an electrical current through the 
connectors 5 bounded to each of the actuating members 

1. 

[0026] The valve setting is modified in the following 
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manner. First, the temperature of the array of SMA ac- 
tuating members 1 is decreased to a temperature sub- 
stantially lower than M s (preferably below M f ) by ener- 
gising the Peltier cell 4. This transforms all or part of the 
actuating members 1 to the martensitic state (lower 5 
modulus). Then, at least one actuating member is se- 
lected within the array and the temperature of all actu- 
ating members 1 except the previously selected is in- 
creased to a temperature substantially higher than A s 
(preferably above A f ) This is achieved by circulating an 10 
electrical current through the connectors 5 connected to 
the actuating members 1 . Once the higher temperature 
is reached, all or part of the actuating members 1 are in 
the austenitic state (higher modulus) except the select- 
ed actuating member which remains all or partially in the is 
martensitic state thus determining the opening pressure 
of the valve. 

[0027] As an alternative, the array of SMA actuators 
may be first heated to a temperature at which an auste- 
nitic transformation occurs and then at least one select- 20 
ed actuating member is cooled down to a temperature 
at which a martensitic transformation occurs. For imple- 
menting this alternate method, an array of Peltier cells 
is provided. Each Peltier cell forming tho array being lo- 
cated in the vicinity of an actuating member so as to en- 25 
able the individual cooling of each actuating member. 
[0028] The size and geometry of each actuating mem- 
ber 1 forming the array can be adjusted for providing 
different opening pressure depending on which actuat- 
ing member remains in the martensitic state. 30 
[0029] Figures 6. 7 and 8 depict another embodiment 
of a valve with an adjustable opening pressure. The 
base plate 2 has only one orifice 3 through which the 
fluid may flow. A ball 6 is maintained in the seat of the 
orifice 3 thanks to an elastic element like a flexible flat 35 
spring 7 for example. The spring 7 need not be made of 
a SMA material. 

[0030] An array of SMA actuating members 1 is ar- 
ranged perpendicularly to the spring 7 and the free end 
of each actuating member 1 interacts with the spring 7. 40 
Depending on the metallurgical state of the SMA actu- 
ating members 1, the length of the spring allowed to 
move freely is restricted. The force applied to the ball is 
determined by the tension of the spring 7 which varies 
with the metallurgical states of the actuating members 1 . 45 
[0031] A Peltier cell is integrated in the base plate 2 
in the vicinity of the SMA array of actuating members 1 . 
Upon activation, the Peltier cell cools the array and all 
the actuating members 1 change to martensitic state. 
Each of the actuating members 1 may then be individ- 50 
ually heated to a temperature at which an austenitic 
transformation occurs. This determines the length of ac- 
tivation of the spring 7 and therefore the opening pres- 
sure of the valve. 

[0032] With reference to figures 9 and 1 0, a third em- 55 
bodiment of a valve according to the invention is dis- 
closed. This embodiment provides a valve with an ad- 
justable resistance to flow. A circular base plate 9 com- 



prises, on its periphery, an array of openings 1 0 through 
which a fluid may flow/An array of actuating members 
11 is arranged on the base plate 9 so that the free end 
of each actuating member 11 closes a corresponding 
opening 10 of the base plate. The SMA actuating mem- 
bers 11 are preferably extending from the centre of the 
base plate 9 to the periphery of said plate. 
[0033] In this embodiment, all the actuating members 
1 1 have the same geometry but the geometry of the or- 
ifices 1 0 may differ in orderto provide a range of different 
resistances to flow. A Peltier cell or an array of Peltier 
cells is integrated in the base plate 9, preferably in the 
centre of the base plate so as to enable cooling of the 
complete array of SMA actuating members 11 . 
[0034] The setting or the actuating of the valve is sim- 
ilar to what has been disclosed in reference to the first 
embodiment at figure 3 to 5. 

[0035] Figure 11, 12 and 13 illustrate an implantable 
valve with adjustable opening pressure. The implanta- 
ble valve comprises a valve assembly 12 according to 
one of the first or second embodiment disclosed above. 
A top cover 13 having a fluid outlet 14 is adapted to re- 
ceive the valve assembly 12. An antenna 17 as well as 
the necessary electronic components 18 to power and 
control the valve assembly by telemetry are integrated 
on the bottom of the base plate of the valve assembly 
12. A bottom cover 1 5 having a fluid inlet 1 6 and a leak 
tight compartment 19 for protecting the electronic com- 
ponents closes the structure. 

[0036] The user may then power the assembly by te- 
lemetry and select non-invasively the opening pressure 
from outside the body by firstly cooling the SMA array 
of actuating members 1 1 and then selectively heating 
by Joule effect one or more actuating members 11 . The 
electronic components 1 8 integrate a feedback mecha- 
nism that can be used to confirm that the correct actu- 
ating member 11 or array of actuating members have 
been heated. 

[0037] A valve according to the invention may also be 
used in an implantable drug delivery pump. A few exist- 
ing adjustable implantable pumps allow the user (patient 
and/or doctor) to select non-invasively a flow rate of 
chemicals to inject, thanks to an external programming 
unit. The existing devices can be divided in two main 
categories: the active or passive pumping mechanisms. 
In the first case, a battery energises a pump that regu- 
lates the flow rate of chemicals. In the second case, a 
pressure reservoir "pushes" the chemicals out of the 
pump. The later concept is very elegant since the pump- 
ing does not require energy Nevertheless, the regula- 
tion of the fluid flow is ensured by a valve, the opening 
of which depends on the power delivered to the valve. 
Therefore, a battery is still required. 
[0038] Thanks to a valve according to the invention, 
when used in an implantable adjustable pump, the en- 
ergy consumption problem is solved, since energy is on- 
ly required to change the flow setting of the pump. 
[0039] In the current products, energy is required con- 
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tinuously to keep the valve open. An adjustable passive 
pressurised pump embodying a valve according to the 
invention will now be disclosed with reference to figure 
14. 

[0040] The implantable pump comprises a pressu- 
rised reservoir 20 that contains the drug substance to 
administrate. A valve assembly 21 as described with ref- 
erence to the third embodiment shown in figures 9 and 
1 0 constitutes the adjustable flow resistance valve of the 
pump. The bottom of the base plate of the valve assem- 
bly 21 incorporates electronic components and an an- 
tenna that are used to power and control the valve non 
invasively by telemetry. A leak tight cover 22 protects 
the bottom face of the base plate and the electronics 
components, avoiding contact with the pressurised liq- 
uid contained in the reservoir 20. A top cover 23 having 
a fluid outlet 24 closes the structure. 
[0041 ] The user may select the resistance of the valve 
from outside with a dedicated reading unit and therefore 
regulates the outflow of chemicals contained in the pres- 
surised reservoir. 

[0042] Many advantages are achieved with a valve 
according to the invention. Firstly, as the valve has multi 
stable states, energy is only required to switch from one 
state to the other. No energy is needed to maintain a 
selected state. Each state can either correspond to a 
selected opening pressure or to a flow resistance, de- 
pending on the application. 

[0043] Second, the valve settings can be adjusted 
without a movement of any part. Only the elastic mod- 
ulus of the material is modified and therefore the valve 
is less sensitive to blockage by clogs and other bio-sub- 
stances. 

[0044] The energy required is the energy needed to 
power a Peltier cell, and the energy for heating the ac- 
tuating members. This energy can be provided to the 
implantable device by telemetry avoiding the use of bat- 
teries. 

[0045] For medical applications, and more particularly 
for implantable adjustable valves or pumps as previous- 
ly described, the choice of the SMA material is of impor- 
tance. It must be chosen from the SMA materials that 
have two stable states at a temperature in the vicinity of 
the body temperature. Furthermore, the SMA material 
ideally should fulfill the following conditions. M s < T < As 
where T is the temperature of the human body and an 
hysteresis AT, comprised between 1 0 and 40 degrees 
centigrade. TiNi (Nitinol) is a material that fulfills these 
requirements and which is also biocompatible. 
[0046] It will be appreciated by persons skilled in the 
art that the present invention is not limited by what has 
been disclosed above, particularly with regards to the 
field of use of the valve which may be integrated in other 
fluidic devices. Furthermore, the present invention may 
include combinations and subcombinations of the vari- 
ous features disclosed as well as modifications and ex- 
tensions thereof which fall under the scope of the fol- 
lowing claims. 



Claims 

1. A method of setting and actuating an adjustable mi- 
cro valve characterised in that it comprises the f ol- 

5 lowing steps 

cooling an array of actuating members made of 
SMA material, to a temperature equal or below 
the temperature at which a transformation from 

10 austenitic to martensitic state occurs so that the 

entire array of SMA actuating members is either 
fully or partially in the martensitic state, 
selecting at least one of the actuating members 
corresponding to a p re-determined opening 

15 pressure or resistance to flow, 

heating individually each of the actuating mem- 
bers except the previously selected member to 
a temperature equal or above to the tempera- 
ture at which a transformation from the marten- 

20 sitic state to the austensitic state occurs. 

2. A method of setting and actuating an adjustable mi- 
cro valve characterised in that it comprises the fol- 
lowing steps 

25 

heating an array of actuating members made 
of SMA material, to a temperature equal or 
above the temperature at which a transforma- 
tion from martensitic to austenitic state occurs 
30 so that the entire array of SMA actuating mem- 

bers is either fully or partially in the austenitic 
state, 

selecting at least one of the actuating members 
corresponding to a p re-determined opening 

35 pressure or resistance to flow, 

cooling individually the selected actuating 
members to a temperature equal or below to 
the temperature at which a transformation from 
the austenitic state to the martensitic state oc- 

40 curs. 

3. A method according to claim 1 or 2 characterised 
in that the actuating members are made of a SMA 
material having two stable states at body tempera- 

45 ture and an hysteresis comprised between 1 0 and 
40 degrees centigrade. 

4. An adjustable micro valve characterised in that it 
comprises a base element with at least one pas- 

50 sage for the fluid flow, at least one array of actuating 
members made of a SMA material arranged on one 
of the base plate face and means for cooling said 
array of actuating members and in that it further 
comprises heating means for heating the actuating 

55 members. 

5. An adjustable micro valve according to claim 4, 
characterised in that it further comprises an elas- 
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tic element securing a ball in the seat of an opening 
and in that the actuating members are conformed 
so that one of their free ends interacts with a portion 
of the elastic element allowing alteration of its elas- 
ticity. 5 

6. An adjustable micro valve according to claim 4, 
characterised in that the actuating members are 
conformed so that one of their free ends closes a 
corresponding orifice in the base element. 10 

7. An adjustable micro valve according to one of the 
claims 4 to 6, characterised in that the cooling 
means are constituted of at least one Peltier cell in- 
tegrated in the base element in the vicinity of the 15 
array of SMA actuating members. 

8. An adjustable micro valve according to one of the 
claims 4 to 7 characterised in that the actuating 
members are made of TiNi. 20 

9. An implantable micro valve having an adjustable 
opening pressure characterised in that it compris- 
es an upper cover having a fluid outlet and a bottom 
cover having a fluid inlet embodying a micro valve 25 
according to one of the claims 4 to 7 and in that if 
further comprises electronic means and an antenna 

for energising and controlling the actuation of the 
valve by telemetry thanks to an external unit. 

30 

1 0. An implantable pump characterised in that it com- 
prises an upper cover having a fluid outlet, a pres- 
surised reservoir, a valve assembly according to 
claim 4 and in that it further comprises electronic 
means and an antenna for energising and control- 35 
ling the actuation of the pump by telemetry thanks 

to an external unit. 



40 



45 



50 



55 



4 



EP 1 273 808 A1 




EP 1 273 808 A1 




8 



EP 1 273 808 A1 




9 








10 



EP 1 273 808 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 3923 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
cf relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnt.CL7> 



X 



Y 



Y 
A 



Y 
A 



WO 99 39113 A (UNIV MICHIGAN ; GRUMMON 
DAVID S (US)) 5 August 1999 (1999-08-05) 

* page 3, line 10 - page 4, line 4 * 

* page 6, line 7 - page 7, line 25 * 

* page 8, line 23-25; igures 1-3,7,8 * 



EP 0 778 043 A (PACESETTER AB) 

11 June 1997 (1997-06-11) 

* column 5, line 50-53; figure 6 



US 5 619 177 A (BLOCK BARRY ET AL) 
8 April 1997 (1997-04-08) 

* column 3, line 52 - column 6, line 17 * 

* column 7, line 36 - column 8, line 8 * 

* column 8, line 47-54; figures 1A,1B,5 * 



US 6 149 123 A (HOPKINS JR DEAN ALLYN ET 
AL) 21 November 2000 (2000-11-21) 

* column 4, line 20-37 * 

* column 9, line 54 - column 10, line 28; 
figures 2,5A * 



DE 196 45 725 C (SICAN F & E GMBH SIBET) 
11 December 1997 (1997-12-11) 

* column 1 , line 1-15 * 

* column 3, line 7-21 * 

* column 3, line 35-51; figure 1 * 

W0 99 38551 A (MEDTRONIC INC) 
5 August 1999 (1999-08-05) 

* page 1 } line 25 - page 2, line 3 * 

* page 2, line 25 - page 3, line 2 * 

* page 5, line 4 - page 6, line 10; 
figures 3A ; 3B * 



-/- 



The present search report has been drawn up tor all rMaims 



1.2 



F15C5/00 



3 

4,6,8 



7.10 



TECHNICAL FIELDS 
SEARCHED (lm£L7( 



FI5C 

A61M 



4,5 



4,9 



HI 

n 

r> 
c 
u: 

5 

fr 

o 

u. 

O 
a 

HI 



THE HAGUE 



Dale c?i ccmpJetion ot trte search 

11 October 2002 



Examiner 

Busto, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevani if taken atone 

V : particularly relevant H combined wttt> another 

document of me samo category 
A : technological background 
O . noH-wrttan drsctostKe 
P : iuiem**Jtale document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. of 

after the tiling date 
D : docirme nl cited m the application 
I document died tor of her reasons 

& : member ot the same patent taniiry. cones pond tnq 
document 



11 



QMcnrv~irv ^cd 



EP 1 273 808 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 3923 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category Citation of document with indication, where approDriate 
I of rete van t passages 

US 5 697 951 A (HARPSTEAD STANLEY D 
AL) 16 December 1997 (1997-12-16) 

* abstract * 

* column 4, line 8-33; figure 1 * 



[ Relevant 
to claim 



ET 



CLASSIFICATION OF" THE 
APPLICATION flhtCI.7) 



10 



The present search report has been drawn up for all claims 



Dale ol eomcWeton ni ihet i&a:ct: 




TECHNICAL FIELDS 
SEARCHED (lnt.Cl.7) 



E«arrnier 



Busto, M 



X ■ particularly relevant it (aken alon« 

Y : particularly relevant H combined with another 

document ol the same category 
A : technological background 
0 i*hi- written disclusuie 
P : iritormedtaie documeni 



T theory or principle underlying the invention 
E : earlier pateni document, but put>n<*ed on, or 

after the filing dale 
D : document cited in the application 
L document cited tor other reasons 

& r^rnent* Pfflem a, ^ cs ^ K>ndin 9 



12 



EP 1 273 808 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 3923 



This annex lists the patent family members relating to the patent documents cited in the above- mentioned European search report. 
The members are as contained in the European Patent Office EDP tile on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

11-10-2002 



Patent document 




Publication 






Patent family 


Publication 


cited in search report 




date 






member! s) 


date 


W0 9939118 


A 


05-08-1999 


AU 


2492199 A 


16-08-1999 








vir- 


9939118 Al 


05-08-1999 








us 


6260818 Bl 


17-07-2001 


EP 0778043 


A 


11-06-1997 


EP 


0778043 Al 


11-06-1997 








jp 


917J463 A 


08-07-1997 


• 






us 


5722425 A 


03-03-1998 


US 5619177 


A 


08-04-1997 


NONE 






US 6149123 


A 


21-11-2000 


US 


5865417 A 


02-02-1999 








AU 


4588097 A 


17-04-1998 








CN 


1238029 A 


08-12-1999 








EP 


0928371 A2 


14-07-1999 








OP 


2001502248 T 


20-02-2001 








TW 


379282 B 


11-01-2000 








WO 


9813605 A2 


02-04-1998 


DE 19645725 


C 


11-12-1997 


DE 


19645725 CI 


11-12-1997 


W0 9938551 


A 


05-08-1999 


AU 


2570999 A 


16-08-1999 








EP 


1058565 Al 


13-12-2000 








WO 


9938551 Al 


05-08-1999 


US 5697951 


A 


16-12-1997 


NONE 







1/) 

d 

O 

u 

O 



ft For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



13 



THIS PAGE BLANK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

/ 

□ EM>ED TEXT OR DRAWING 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BLANK (uspto) 



